Plaque production by 55 rhinoviruses in several lines of HeLa cells is reported. Forty-nine types produced macroscopic plaques under the conditions described previously employing 30 mM MgCl2 and 30 ,g/ml of DEAE-dextran in overlay and M HeLa cells. Basically three kinds of plaques were observed: clear large and intermediate sized plaques and small turbid plaques. Five rhinoviruses produced plaques only in a sensitive clonal line isolated from the M HeLa line. Rhinovirus type 4 produced plaques after the pretreatment of cells with actinomycin D. Enhancement of plaque formation by MgCl2 has been demonstrated to date with 17 rhinoviruses. Some rhinoviruses were enhanced either by DEAE-dextran or by dextran sulfate in the overlay. No inhibitors were found in any of 10 bovine sera tested. Rhinovirus type 2 was visualized inside HeLa cells by electron microscopy and there appeared to be a very high ratio of physical particles per infectious unit of virus.
Rhinoviruses as a group are defined by their isolation from the respiratory tract, by their possession of a ribonucleic acid genome, by their small size, by the absence of essential lipid, and by their acid lability. They are considered to be among the most important agents causing the common cold in adults (12) . We have described previously (3) the enhancement of plaque formation by nine rhinovirus serotypes which occurs after the addition of 30 mi MgCl2 to the overlay.
This procedure was based on a method described by Wallis and Melnick (13) for the enhancement of plaque formation of some enteroviruses. In this study, we have attempted to produce plaques with 55 rhinovirus serotypes (7) under the conditions employed successfully with the nine rhinoviruses studied earlier, conditions which will be referred to subsequently as Plaque assay. The procedure used for plaque assay has been described previously (3, 4 Effect of bovine sera on plaque formation by rhinovirus type 2. No effect on plaque sizes or numbers was observed with 10 bovine sera inactivated at 56 C for 30 min and tested at a concentration of 10% in the overlay. These sera were the gift of D. Sedwick, The Wistar Institute of Anatomy and Biology, Philadelphia. One of these sera inhibited strongly plaque formation by poliovirus type 1.
Electron microscopy. As early as 3.5 hr after infection with rhinovirus type 2 at a multiplicity of 5 PFU per cell, the cytoplasm of M HeLa cells contained masses of uranyl-dense particles approximately 25 nm in diameter in areas where the cytoplasmic matrix was absent (Fig. 3) . The morphological appearance of these particles preceded the rise in titer of intracellular infectious virus, which could be detected only at 6 hr. At S and 10 hr, these cytoplasmic masses increased greatly in size. Although only a small portion of the cytoplasm could be seen, the number of these particles ranged in thousands. Concomitant titration of infectious virus revealed 40 PFU per cell at the plateau phase of virus growth.
DIscussIoN
Under our standard conditions, all but 6 of 55 types of rhinovirus which had had two to nine passages in HeLa cells produced macroscopic plaques. With more sensitive cloned HeLa cells, Type 4 did not produce plaques unless actinomycin D was used. This finding and also the fluctuation of titers of many rhinoviruses were reminiscent of the situation with Sindbis virus described by Carver and Marcus (1). The size of rhinovirus plaques, however, was inversely related to the density of cell monolayers (3), whereas Sindbis virus was found to be independent of this factor. In our previous experience (unpublished data), increasing insensitivity to virus of monolayers with advancing age also depended on the particular growth medium, an observation made by Carver and Marcus in their system. On the other hand, although the sensitivity of our monolayers usually declined with age, some monolayers only 1 day old were insusceptible to all but types 1A and 2. Actinomycin D enhanced poorly plaquing rhinoviruses but did not improve the normally efficient plaque formation by type 2. One-hundredth the amount of this antibiotic used by Carver and Marcus was found effective in enhancement of plaque formation. There was no apparent dose-related response of plaque sizes in the range of concentrations of 0.01 to 0.1 ,ug of actinomycin D per ml; higher concentrations, however, were toxic to the cell monolayer. (9) found the ratio of physical particles to PFU for polioviruses to be 36.
In a situation where the reproducibility of plaque titers is very important, as in a plaque reduction test, the plaque assay described is unsatisfactory for some rhinoviruses. It is hoped that further work will lead to a reproducible assay for all rhinoviruses. At present, the assay is convenient for measurement of neutralizing antibodies by application of a plaque reduction test to those viruses which produce plaques with diameters up to 3 or 4 mm or larger (first two groups in Table 1 ). Under such conditions, the coefficient of variation of plaque titers in several successive experiments was 20.3% (3). Poorly plaquing rhinovirus types 4, 7, 8, 20 , and 48 had only two passages in HeLa cells. It is conceivable that their further passage will lead to development of viral strains with enhanced plaqueforming ability.
